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(1) Cd 抑制 WT 拟南芥气孔张开，并具有浓度效应，随着浓度增加，气孔
开度逐渐减小，但是对 CASas 拟南芥气孔无显著影响，这说明 Cd 调控拟南芥的
气孔可能与 CASasS 受体有关。植物受到重金属胁迫可能诱导 Cd 通过 CASas 的
介导，将信号传递导胞内，经过一系列变化引起气孔的关闭。 




(3) 本实验还构建了 Cd 和 La 处理下水稻幼苗的蛋白质组表达谱。并对其中
51 个目的蛋白点进行了 MALDI-TOF MS 分析和数据库检索鉴定。共有 43 个蛋
白质得到了鉴定，蛋白质鉴定的成功率为 72%。鉴定出的蛋白中，Cd 胁迫下水
稻幼苗有 7 个蛋白表达量上调，5 个表达量下调，3 个为新合成的蛋白。La 处理
之后，有 4 个蛋白表达量上调，11 个蛋白表达量下调，新合成的蛋白 1 个。Cd+La 
处理，水稻幼苗出现 3 个蛋白表达量上调，3 个表达量下调，为新合成蛋白 2 个。 
实验结果显示：蛋白 GDSL-like Lipase 在 Cd 处理组中表达量上升，而在 La 处理




















Heavy metal pollution becomes more and more serious with the highly 
developing industry. Not only heavy metal pollution destroy the ecological balance 
and make worse environment, but also it can cause more damage through 
accumulation in food chain. As we all know, plant plays an important role in our daily 
life, it is of great importance to investigate the heavy metal pollution resistant 
mechanism of plant. Expression of a variety of genes is induced by these stresses in 
various plants. The protein products of stress-induced genes often accumulate in 
response to unfavorable conditions. The functions of these proteins and mechanisms 
that regulate their expression are currently a central topic of research in stress 
physiology.  
Biological analysis of epidermis, measurements of physiological and biochemical 
indexes, two dimensional electrophoresis and MALDI-TOF MS analysis are used in 
this research to study the effects of Cd in plant stomatal movements, physiological 
and biochemical changes, and differential expression of proteins, and the protection of 
La under stress Oryza sativa L and  Arabidopsis thaliana. The results show as blew: 
(1) Cd inhibits stomatal openings of WT Arabidopsis thaliana in a dose 
dependence manner, the higher concentration Cd is, the smaller opening the stomatal 
shows. However, CASas of Arabidopsis thaliana stomatal movements are not affected 
by Cd. The results indicate that Cd may regulate the stomatal movements of CASas 
Arabidopsis thaliana through receptor. The signal transduction of heavy metal 
suppression may function through CASas and a series of cellular reaction to cause the 
closure of stomata.  
(2) Rice seedlings show slower growth, yellow leaves, chlorophyll decreasing, 
inhibition of POD, CAT activity, APX activity increasing, carbohydrate and praline 
significantly increasing under Cd2+ stress. However, La treatment can relieve the loss 
of chlorophyll, improve the activity of CAT, root growth, decrease APX activity and 
regulate the contents of carbohydrate and praline.   















treatment and uses MALDI-TOF MS and database index to analyze 51 target proteins. 
Totally, there are 43 proteins can be identified, the success rate is 72%. Among these 
proteins, 7 are up-regulated, 5 are down-regulated and 3 are new synthesis proteins 
under Cd treatment; 4 are up-regulated, 11 are down-regulated and 1 is new synthesis 
protein under La treatment. The results show that most of the up-regulated proteins 
under Cd treatment and most of the down-regulated proteins under La treatment are 
various metabolic enzymes, which indicates that La might protect plant through the 
regulation of enzyme activity. Under Cd+La treatment, 3 proteins are up-regulated, 3 
are down-regulated and 2 are new synthesis proteins. GDSL-like Lipase is 
up-regulated under Cd treatment and down-regulated under La treatment, which 
indicate that this specific protein directly related to Cd stress and La repair 
mechanism. 
 

















1 重金属 Cd 对植物伤害机理研究 
近些年，由于工农业的迅速发展，随之而来的环境问题日益严重。工业“三
废”和机动车尾气的大量排放、污水灌溉以及农药、除草剂和化肥的广泛使用，










当中，Cd 毒害的范围 广，Cd 被认为是南方土壤污染中常见的重金属元素，一
般土壤中的 Cd 含量己超过土壤正常值[3]。土壤中的 Cd 通过动植物的富集，成
















































































仅降低植物叶绿素含量，而且损伤光合系统 I 和 II，降低叶片中的电导率，减少












麦、猪屎豆[24]、小麦[25]、豌豆[21]和玉米植株中 RuBPcase 及 PEPcase 活性活性降
低，处理时间延长能加重 CO2 同化受抑制效果，并且光合作用中的酶较光合系





























































正比[34]。王焕校[35] 指出，Cd 明显抑制玉米幼苗对N、P、Zn 的吸收，增加Ca 的
吸收。此外，Cd 还抑制小白菜根系对Mn、Zn 的吸收，黄瓜对K、Ca、Fe 的吸














































AsA-GSH 循环两个关键酶 GR 和 APX 的瞬时失活，启动 H2O2 的积累，进而
诱导抗氧化系统的二次防御作用。Cd2+ 胁迫下，不同植物和不同器官抗氧化系
统表现出较大差异。Iannelli 等[42] 研究结果表明，以 Cd2+ (50 μmol·L-1，21d)处
理的芦苇(Phragmites australis)与对照相比，根、匍匐茎及叶中 SOD、APX、GR 
和 CAT 活性以及 GSH 含量都增加，其中根部 GSH 含量增加显著，且根部谷
胱甘肽硫转移酶(GST)活性也相应增强，抗氧化活性的增强可能造成该植物对
Cd2+ 的耐性。在水稻(Oryza sativa)中 SOD 和 POD 的活性增强，对水稻抗 Cd2+ 
引起的氧化胁迫有重要作用[43]。    
高浓度Cd2+ 则会明显抑制抗氧化酶活性，加剧活性氧的释放，导致植物生
长严重受抑制[43]。Dixit等和Sandalio等[44] 对豌豆的研究结果表明，Cd2+ 处理，
豌豆叶中的SOD 活性增强，且40 μmol·L-1 处理大于4 μmol·L-1 处理，CAT 活性
在两个处理浓度下均显著增强，在40 μmol·L-1处理的植物根部，APX 活性 高；
50 μmol·L-1 的Cd2+ 胁迫明显抑制豌豆生长，脂质过氧化和羰基组分含量增加，
SOD、CAT 和PPO 活性降低。Iannelli等[42] 认为，在低、高浓度Cd2+ 胁迫下，
植物分别表现出抗氧化活性增加和减少两种情况，说明抗氧化系统既具有解毒功
能，同时又是Cd2+ 植物毒性(phytotoxicity)的作用位点。 
Jacob 等[45]用抑制消减杂交技术构建Cd2+ (0.05 mg·L-1，12h)处理卷边网褶菌
(Paxillus involutus)菌丝体与对照菌丝体的消减cDNA文库，从文库中分离到SOD 
































































MDA 的积累。加入 10 mg·L-1 La3+ 提高 SOD 和 CAT 活性，减弱 POD 活性有所
表明它增强了对活性氧的清除能力，缓解了 Ni 对膜的伤害；提高可溶性蛋白含
量则保持较高的水平，降低脯氨酸含量，体现 La 增强抗 Ni 胁迫的效应[50]。周
青等以大豆为实验材料，证明 La 及 La-Gly 配合物对 Pb、Cd 复合污染下植物
的伤害有明显的缓解效应。La 能促进植物光合作用，增加叶绿素含量，提高硝
酸还原酶和脱氢酶活性，促进根系生长，抑制重金属在植物体内积累，降低细胞
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